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Mobile Wireless Networks - Evolution

X
)

o
/ g

1980's

Basc analogue voice
No IP

0 kbit/s

One network 10e vouce

NMT, AMPS, TACS

S

gt

.

A

D\
26 el

1990’s

Dignal voice
No P

14kbps

One network for voets

GSM. 1595
2.56G (GPRS. EDGE)

(g
KA

3G UNTS

2000's

Digital voice
WWW, multimedia

2MBps

One network for voice
Other network for 1P

UMTS, CDMA2000
3.5G (HSDPA HSUPA,
\ HSPA+ LTE)

=

/

X

gy
/A

Voice over IP
HD Video

300Mbps
Cre network foc IP

LTE-Advanced
4 5G (LTE-Advanced

Pro)

/
o

Ve over 1P
VR.V2X_ loT

1Gbps
One nétwork for 1P

LTE-Advanced Pro
NR

S /

4
GRANDMETRIC 7

METWORE & WIRELEES . 3NAY SoMmic D




What Is 5G?

5G is an umbrella term for a set of international wireless standards

Enhanced Mobile
Broadband

Super fast broadband with speed and

capacity

Up to 100x faster speeds than 4G

* Download full-length HD movie in
seconds

+ Stream 4k video

* Home internet
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Internet of Things for
Everything

Super cheap connectivity for millions

of devices

» Transmits low volume of non-
delay-sensitive data

* Low bandwidth

» Low cost devices with extremely
long battery lives

Internet of Things for
Infrastructure

Ultra-reliable, resilient and

instantaneous connectivity with strict

requirements on availability, low delay,

and speed

* Automated vehicles

* Industrial controls for manufacturing

* Remote medical surgery

+ Distribution and automation on a
smart grid



https://www.homedepot.com/p/KitchenAid-20-cu-ft-French-Door-Refrigerator-in-Stainless-Steel-Counter-Depth-KRFC300ESS/205905754
https://www.thevintagenews.com/2018/10/05/traffic-light/
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwi-vL6i6ZHhAhX1N30KHUcnBU0QjRx6BAgBEAU&url=http://stores.vendorstech.com/crane-merchant-media-ambient-187-snack-vending-machine-cash-discount/&psig=AOvVaw1F1DjTXAYvZlJuItaXDSN8&ust=1553209188624173
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwisno3D6ZHhAhWhITQIHfuRBMQQjRx6BAgBEAU&url=https://www.rockwellautomation.com/global/industries/oil-gas/overview.page?pagetitle%3DGas-Processing%26docid%3D0b73539844c3aebcedb64b8aff75e9c1&psig=AOvVaw1CB2DdPLBUTwmVRgsiYnyc&ust=1553209256187848
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwinnLjW6ZHhAhX7HDQIHa1mD50QjRx6BAgBEAU&url=https://wall.alphacoders.com/by_sub_category.php?id%3D174573%26name%3DX-ray%2BWallpapers&psig=AOvVaw1nYSffgeZiTRUlCHj-EBTD&ust=1553209294800097

(7))
()
=
>
O
()
| -
S
-
| -
)
o
]
o
(7))
>
(&)
c
)
>
O
]
| -
Y—
| -
&)
e
2
I

@
S
o)
Lo
<
S
o
)
S
o]
o
%)
o)

=
»

[S
O
o)
S
)
S

G Uses Defined by Spectrum

« Coverage of large areas at 600 and 800 (some 900)
MHz

— Looks like cellular, only without some interference issues that come at
higher frequencies

— Several miles of coverage
— Perfect for rural areas, non-line of sight locations

« Capacity for many users at 2.5, 3.5, 3.7-4.2 GHz
— Good for suburban and rural deployments, BUT requires line of sight

* You must be able to see directly from the antenna to the end
device

» Fixed wireless looks promising

« Fiber-like speeds at mmWave at 28 and 39 GHz

— Areas of 150-200 meter coverage
— Good for urban areas, BUT it requires line of sight




Gettlng to 95% Coverage with mmWave:

Increasing the number of cell sites to 130 per square kilometer for 28 GHz would give 95%
downlink coverage; for 39 GHz, 165 sites per sq. km is needed.
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Source: “Mobilizing 5G NR Millimeter Wave: Network Coverage Simulation Studies for Global Cities,” Qualcomm,
6 October 2017




Presentation Slide

Signal strength map for San Francisco (green is strong)
5G NR mmWave coverage using 28GHz: 36 sites/sq. Km = 64.8% coverage
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* Red is 40 mbps average downlink speed using 100 MHz of spectrum
* Green is 500 mbps average downlink speed using 100 MHz of spectrum
* Site spacing equates to 167 meters between sites based on a site density 36 per square kilometer.
* Coverage shown is outdoor street level (no indoor coverage)

7 Source: “Mobilizing 5G NR Millimeter Wave: Network Coverage Simulation Studies for Global Cities,” Qualcomm,
October 2017



Thank you!
For Additional Information:

WWW.CpPpUC.Ca.gov



http://www.cpuc.ca.gov/

